OBJECTIVE: To examine secular trends in diet reporting error. METHODS: Dietary information was obtained from 228 Danish men and women in 1987 ± 88, and from 122 men and women in 1993 ± 94. RESULTS: Bias in dietary reporting of energy and protein intake was assessed by comparing reported intake with intake data, estimated from 24 h nitrogen output, validated by administering P-aminobenzoic acid, and estimated 24 h energy expenditure. Total energy was under-reported more than energy from protein at both surveys, suggesting that energy from other nutrients, like fat andaor carbohydrate, must have been under-reported too. There was a greater under-reporting for energy than for protein in 1993 ± 94 (29%) than in 1987 ± 88 (15%). Obesity was positively associated with under-reporting, both in 1987 ± 88 and in 1993 ± 94. CONCLUSION: The higher macro-nutrient speci®c error in 1993 ± 94 compared to 1987 ± 88 may re¯ect a trend to increasingly omitting fat andaor carbohydrate-rich foods in dietary reporting. This may be a consequence of increased awareness of diet intake, which, in turn, may be related to intensi®ed public health campaigns to reduce intake of fat andaor simple carbohydrate. These results may have consequences for our understanding of the apparent decline in dietary fat and associated health bene®ts.
Introduction
It is generally recommended that individuals consume no more than 30 ± 35% of their total energy as fat, 1, 2 but most population studies suggest that fat consumption exceeds these levels. 3, 4, 6 However, a number of countries have reported a trend suggesting a reduction in energy from fat over the past 20 y. 3 ± 6 For instance, recent data suggests that North Americans have reduced their fat intake from about 40% energy from fat to 33%, 7 the Norwegians from 40% to 34%, 8 and Finns from 38% to 34% 9 during the years between 1960 and 1990. This reversal of trend has generally been attributed to intensi®ed of®cial recommendations, and to a delayed reaction to earlier public health campaigns to reduce fat intake.
It may seem paradoxical that the population is simultaneously decreasing their energy intake from fat while getting fatter. 10 Over-consumption with increased energy, but a similar fat intake, is one explanation, and there is some suggestion that the reported absolute fat intake has, in fact, remained constant and total energy intake increased. 3 However, other explanations include a less physically active lifestyle or under-reporting of fat. Indeed, several reports have shown that many overweight individuals under-report their food intake substantially, 11, 12 and that, in particular, foods high in fat andaor carbohydrate may be under-reported. 13 We, therefore, hypothesized that the apparent trend of decrease in fat intake re¯ects an increasing tendency to under-report dietary fat, rather than a true decrease in fat intake.
Denmark is one nation in which recommendations to reduce dietary fat are believed to have had a recent effect on intake. 3 Several national campaigns have been launched, especially since the beginning of the 1990s.
14 Indeed, recent data from two independent population-based dietary surveys 3, 15 suggests a reduction in fat intake from around 42% to 38% of total energy. We used data from one of the above mentioned population studies to examine time-dependent trends in fat intake and diet reporting error between 1987 ± 88 and 1993 ± 94.
Subjects and methods
The study was part of the Danish MONICA project (an international study conducted under the auspices of the World Health Organisation to monitor trends in and determinants of mortality from cardiovascular disease). A random sample of adult Danes aged 30, 40, 50, and 60 y was drawn from the national personal register in 1982 comprising 4581 subjects. 13 Of this group 3608 (79%) participated in a baseline health examination. In December 1987 to November 1988 a dietary survey was performed inviting a subset of 552 subjects from the population sample to participate. 16, 17 A follow-up dietary survey was conducted from May 1993 to November 1994. All subjects invited in 1987 ± 88 were re-invited in 1993 ± 94.
The subjects who were examined in 1993 ± 94 were, on average, 5 y older than those appearing in 1987 ± 88 (P b 0.01). Hence, all analyses were adjusted for age differences. There were no differences in baseline age, body weight or BMI for the men and women who were included in the two diet surveys and the remaining group (3258a3608, all P b 0.33). Participation has been described in detail elsewhere. 11, 17 The project was approved by the Ethics Committee for Copenhagen County, and is in accordance with the Helsinki II Declaration on Human Rights.
Questionnaire data
All participants answered questions about physical activity during leisure (sitting most of the time; light activity at least 4 h a week; active in sport at least 3 h a week or heavy work during leisure; active in competitive sport several times a week), physical activity during work (no work; sitting most of the time; light activity, walking around; walking and carrying most of the time; strenuous physical work), and about educational level (`7 y, 7 ± 12 y or b 12 y of schooling).
Diet
The same trained dietician interviewed all the subjects, both in 1987 ± 88 and in 1993 ± 94, by taking a diet history interview. Average daily intakes were calculated from responses describing the previous month. Data on meal patterns, dishes and food items were obtained with a precoded interview form. Quantities were assessed with food models, series of photographs, cups and measures. Calculations of nutrients were carried out with the DANKOST program, which is derived from the Danish food composition tables. 18 Collection and analyses of urine All subjects were instructed orally and in writing on the collection of 24 h urine samples. To monitor completeness, each participant was given three tablets containing 80 mg para-amino-benzoic-acid (PABA), to be taken during the day of urine collection. 19 Protein intake was calculated from the 24 h nitrogen output according to the formula of Isaksson: 20 protein intake (g) (nitrogen output in 24 h urine (gaday) 2g)Â6.25. The 30 ml urine samples were analysed for nitrogen by¯ash combustion technique (NA 1500 Nitrogen Analyser, Ciba Corning).
Anthropometric data
All anthropometric measurements were made in accordance with the WHO standards. 21 Height (Ht) was measured to nearest 0.5 cm, with subjects standing without shoes, heels together, and head in the horizontal Frankfurt plane.
Body weight (BW) was measured to nearest 0.1 kg (SECA weighing scales), with the subjects wearing only underwear.
Measurements of electrical impedance
A BIA-103 RJL-system-analyser (RJL Detroit) was used to measure electrical impedance according to the instructions given by the manufacturer. The measurement was taken with tetra polar electrode placement, with electrodes placed on the right hand and foot, at the distal metacarpals and metatarsals, respectively, and between the distal prominences of the radius and the ulna at the wrist and the medial and lateral malleoli at the ankle.
The algorithm used to estimate body fat from impedance (BF) had been developed in a subgroup of the same sample of Danes: 22
where BF body fat, BW body weight, Ht height and R resistance. Sex is coded as 1 for men and 0 for women. Basal energy expenditure was calculated according to the formula by Garby et al: 23 BEE Joule 116.76ÂFFM 26.88ÂBF, where fat-free mass (FFM) is the difference between body weight and body fat. Average 24 h energy expenditure can be expressed as a multiple of basal energy expenditure, known as the physical activity level. The physical activity level was assumed to be 1.55 (men) and 1.56 (women) among those who were unemployed, or whose work was classi®ed as sedentary; 1.78 and 1.64, respectively among those whose work was classi®ed as light activity; and 2.10 and 1.82, respectively, among those engaged in heavy or strenuous work, or engaged actively in sports. 24 
Statistical methods
Multiple linear regression analysis was used to describe associations between reporting error for energy and protein and degree of obesity. In the regression analysis, gender, age, smoking habits, and education were included as covariates. The F-test was used to examine differences in the mean and in regression coef®cients between groups, as described earlier. 25 Reporting bias of energy and protein, adjusted for covariates, by percentage body fat in either tertiles or octiles was calculated for men and women separately, with analysis of variance (ANOVA). Differences were considered signi®cant when P`0.05. The statistical analysis was carried out with the SPSS.PC version 2.0 program.
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Results
Participants
Of the 552 subjects invited in 1987 ± 88, 435 subjects attended both the health examination and gave diet information. Of these, 323 subjects returned complete 24 h urine samples. This group has been described earlier. 13 The remaining 112 subjects were excluded from further analysis ( Table 1) .
Six years later in 1993 ± 94, a second diet survey was launched. Here, 365 of 435 subjects appeared for examination. In total, 248 (68%) gave both a 24 h urine sample and the dietary interview, and about half (n 122) returned complete urine samples that contained more than 85% of the administrated p-aminobenzoic acid. The other 126 subjects, with incomplete 24 h urine samples, were excluded from further analyses (Table 1) .
Of the 323 subjects examined in 1987 ± 88, 228 appeared only at the baseline examination, and were examined only at this time. Trends were, therefore, analysed using the 228 and the 122 subjects examined either in 1987 ± 88 or in 1993 ± 94 (Table 1) .
Non-participants
We showed earlier that recovery of p-amino-benzoic acid in 1987 ± 88 did not differ between age groups or between men and women (all P b 0.63). 13 Furthermore, within each sex, there were no differences in age, body weight, percentage body fat, body mass index or prevalence of obesity (body mass index b 30 kgam 2 ) between those with complete, and those with incomplete data (all P b 0.30). 13 This was also the case when comparing the sub-group of 228 subjects participating in 1987 ± 88, only, with the remaining subjects (all P b 0.59). Nor were any differences seen at the examination carried out in 1993 ± 94, in body weight, percentage body fat, body mass index or prevalence of obesity among: (a) the 118 subjects who were interviewed about their diet intake but did not return the urine sample; (b) the 126 subjects who were interviewed about their diet intake but gave an incomplete urine sample; and (c) the 122 subjects who were both interviewed and gave a complete urine sample (all P b 0.16). However, men who did not return complete urine samples tended to be 4 y younger, on average, than other men (52 vs 56 y of age, P 0.006).
Characteristics of the subjects Table 2 gives characteristics (mean and s.d.) of the 228 subjects examined in 1987 ± 88 and the 122 subjects examined in 1993 ± 94. Analysis of variance showed that once age differences had been considered, all differences between measures taken at the two surveys were independent of gender. Compared to 1987 ± 88 men and women examined in 1993 ± 94 were taller, and among men more had b 12 y of schooling. There were more active and fewer smoking men in 1993 ± 94 than in 1987 ± 88.
Trends in fat intake
Absolute fat intake was not different at the two surveys (both P b 0.69), but as a percentage of total energy, fat intake was lower at the examination in Engaged actively in sports at least 3 h a week.
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Total energy and protein intakes calculated from diet and urine samples
In 1987 ± 88 total energy and protein intakes, calculated from the diet interview, were lower than those intakes determined from either the 24 h urinary nitrogen output or the 24 h energy expenditure in both men and women (all P`0.001). In 1993 ± 94 only total energy, calculated from the diet and the 24 h energy expenditure differed (both P`0.001), but protein intake values were similar (both P b 0.10).
Trends in energy and protein intakes
Protein intake estimated from the 24 h urine samples showed a lower intake among the 122 subjects measured in 1993 ± 94 than the 228 subjects measured in 1987 ± 88 (P`0.002). This trend was independent of gender. On the other hand, reported protein intake was higher in 1993 ± 94 than in 1987 ± 88 (P`0.05). Both the reported energy and the estimated 24 h energy expenditure were similar on the two occasions (both P b 0.18). Hence, it seems that, on average, reporting for protein intake has changed towards a slightly higher comsumption, despite the ®nding that the protein intake, as estimated from the 24 h urine samples, can be shown to have descreased signi®-cantly (Table 3 ). Total energy intake was underreported more than energy from protein at both surveys, suggesting that energy from the other macro-nutrients must have been underreported too. 13 This difference was greater in 1993 ± 94 (29%) than in 1987 ± 88 (15%) (P`0.0001).
Trends in diet reporting and obesity
Reported energy and protein intakes were negatively associated, and estimated 24 h energy expenditure and intake of protein (calculated from urinary nitrogen output) were positively associated with obesity in both 1987 ± 88 and 1993 ± 94 (Table 4) . At both surveys, reported protein relative to protein calculated from the urine samples (reporting of protein) and reported energy relative to estimated 24 h energy expenditure (reporting of energy), were negatively associated with obesity. Relative to total energy, intake of protein was over-reported by obese subjects at both surveys, but among the lean, total energy was over-reported more so than energy from protein in 1993 ± 94, only. The associations were similar at the two surveys (all P b 0.09), Table 4 . Results were similar whether educational level was included as a covariate or not (data not shown). Percentage energy intake (diet)/energy (24 h energy expenditure).
Do we eat less fat? BL Heitmann et al Figure 1 shows the direct relationship between percentage body fat (in octiles) and reporting of either protein or energy at the two surveys. Associations were similar for the two gender (both P b 0.17), and in Figure 1 results are given for men and women grouped together. In 1987 ± 88 the more obese subjects under-reported total energy more than energy from protein, suggesting that energy from other macro-nutrients must have been under-reported too, whereas the non-obese gave less biased information. In 1993 ± 94 both obese and non-obese gave biased information. In 1987 ± 88 an 18% greater underreporting was seen for energy than for protein among those belonging to the fattest tertile, compared to only 8% in the leanest tertile (P 0.06). In 1993 ± 94 this difference was 39% vs 22%, P 0.07.
There was a signi®cant age difference of 5 y, on average, between the two population samples examined in 1987 ± 88 or 1993 ± 94. Hence, despite the fact that all analyses were adjusted for age-differences, the trends reported here may not be considered true secular trends. We, therefore, repeated the analyses by comparing data restricted to subjects aged from 45 to 65 y (mean age 55.1AE 8.0, n 165), participating in 1987 ± 88, with the 122 subjects aged from 41 to 71 y (mean age 55.0 AE 10.0) participating in 1993 ± 94. All results were essentially similar both when diet-reporting information on the 122 subjects, examined in 1993 ± 94, was compared with information from the subgroups of 165 subjects, and the total group of 228 subjects examined in 1987 ± 88. Figure 2 shows the association between obesity and the degree of underreported protein (percentage protein intake (diet)aprotein (urine)) relative to under-reported energy (percentage energy intake (diet)a24 h energy expenditure) in the 165 and 228 subjects examined in 1987 ± 88, and the 122 subjects examined in 1993 ± 94. All results were essentially similar when the longitudinal changes were examined in the 95 subjects who had been followed up between 1987 ± 88 and 1993 ± 94 (data not shown).
Discussion
The present study shows a substantial under-reporting bias for both energy and protein at the two surveys conducted in 1987 ± 88 and 1993 ± 94. The study also shows that the bias was greater in 1993 ± 94 than in 1987 ± 88. It has been discussed previously 13 that the greater under-reporting of total energy compared to energy from protein implies that energy from other macro-nutrients, e.g. fat andaor carbohydrates, must have been under-reported too. This implies that snacktype foods may have been differentially omitted, although we do not not know from the present study if this was a consequence of lack of memory or a deliberate process.
In 1987 ± 88 under-reported total energy was 15% larger, on average, than underreported energy from protein. 13 In 1993 ± 94 this difference was 29%. This difference in reporting bias between the two surveys may offer one explanation for the apparent downward trend in reported fat intake, seen in the present and in other studies.
The fact that the under-reporting bias was greater in 1993 ± 94 than in 1987 ± 88 may be a direct consequence of an increased awareness of diet intake obtained through intensi®ed public health campaigns or of®cial recommendations to reduce the intake of fat andaor simple carbohydrates and to increase the intake of ®bre and complex carbohydrates. Denmark launched several campaigns in the late 1980s and in Do we eat less fat? BL Heitmann et al the early 1990s, and, especially since the beginning of the 1990s, campaign activities have been intensi®ed. 14 The fact that food supply statistics do not show a decrease in fat consumption may also provide some support for the present ®ndings. 27 In addition, food supply statistic also suggest a much higher total energy intake per capita than is justi®ed by individual data, or by total energy needs. Therefore, there may be quite a large margin for how individuals compose their diet from the surplus of energy available as suggested by the food supply statistics.
Whereas in 1987 ± 88 total energy was underreported compared to energy from protein, particularly among the obese subjects, even non-obese subjects displayed substantial under-reporting in 1993 ± 94. Previous studies have reported that the obese generally give biased information on both total food intake 11, 12 and macro-nutrients. 13 In this regard, it is generally assumed that the non-obese have no obvious social inclination to under-report their diet intakes. However, the substantial under-reporting even among non-obese subjects in the present study may suggest that intensi®ed public health campaigns Ð not necessarily directed towards obesity prevention or treatment, but possibly towards other conditions such as, for instance, cardiovascular disease and cancer Ð may have stimulated these subjects to selectively underreport food rich in fat andaor simple carbohydrates. Indeed, a recent study showed that from 1982 to 1992 knowledge about the prevention of disease, including consumption of low-fat diets, improved among Danish adults. 26 In addition, the public health campaigns launched in Denmark between 1987 ± 88 and 1993 ± 94 were not particularly directed towards prevention of obesity, but focused on prevention of cardiovascular disease andaor cancer.
A generally higher socio-economic class may offer one explanation for the apparent higher reporting bias in 1993 ± 94 than in 1987 ± 88. However, the similar results in analyses with and without adjustment for educational level does not support this. The essentially similar reporting biases seen for the subset of 95 individuals, who were followed up during the study period, also does not support differences in socioeconomic status explaining the higher reporting bias in 1993 ± 94 than in 1987 ± 88.
The present ®ndings of a trend in the error in diet reporting has implications for interpreting results from dietary surveys suggesting that, for instance, fat intake is declining. In this regard a number of reports have suggested that apparent trends in dietary fat are related to recent trends in, for instance, cholesterol levels or coronary heart disease incidence. 5, 6 However, the present ®ndings may raise questions concerning such an ecological reasoning.
Possible limitations of the study
The focus of fat intake in the present study is less objective than protein and energy intakes, since we have no independent estimation of fat intake analogous to urinary protein or 24 h energy expenditure. Hence, we do not know how much of the underreported energy came from fat and how much from carbohydrate.
Another possible limitation to the study is that some of the more generalized decreased reporting of the non-protein fraction may have been in¯uenced by the increased availability of new low-fat products on the market. At the same time, everyone, not only the obese, may now be consuming these products. Although, in the present study, the dietician was instructed to take care of noting when low-fat alternatives were chosen, we cannot exclude the possibility that she missed some of these products. However, a closer examination of the actual food choices behind the nutrient intakes revealed that the reported consumption of, for instance, low-fat milk, low-fat cheese or low-fat margarine in the present study was not different in 1987 ± 88 and 1993 ± 94 (all P`0.11). Low-fat yoghurt intake was greater in 1993 ± 94 than in 1987 ± 88 (P`0.001), but consumption was not more prevalent in the obese compared to the nonobese (P 0.48).
On average, subjects were more obese in 1993 ± 94 than in 1987 ± 88. Hence, the increasing similarities between the obese and non-obese in qualitive misreporting over time may be explained by an increasing prevalence of obesity. However, adjustment for this secular increase in percentage body fat gave similar results ( Figure 3) .
We have pointed out previously that an unbiased calculation of 24 h energy expenditure is crucial when estimating percentage energy from protein from the urinary nitrogen output, and furthermore that bias in Figure 3 Relationship between percentage body fat (in octiles) and the degree of under-reported protein (percentage protein intake(diet)aprotein(urine)) relative to under-reported energy (percentage energy intake(diet)a24 h energy expenditure) after adjustment for increasing prevalence of obesity in 122 subjects examined in 1987 ± 88 or 1993 ± 94. Do we eat less fat? BL Heitmann et al the reporting of physical activity level may invalidate our ®ndings. 13 In the present study we cannot exclude the occurence over-reporting of physical activity. However, in order to invalidate the present ®ndings, this tendency to over-report physical activity would have to have been proportionally greater among nonobese than among obese subjects and, in addition, to the increase from 1987 ± 88 to 1993 ± 94. Reported leisure time activity was slightly higher in 1993 ± 94 than in 1987 ± 88 (16% vs 22% reported they were actively engaged in sports at least 3 h a week).
Also, more non-obese subjects reported taking an active part in sports in 1993 ± 94 (31%) than in 1987 ± 88 (21%), whereas the proportion of the obese reporting that they were taking actively part in sports remained at 11 ± 12% at both surveys. We do not, however, know if this difference in leisure time activity represents a compensation for a lower activity related to work and unemployment, since, during the same period, reported activities related to work went down (16% vs 8% reported having heavy or strenuous work). In particular, the proportion of lean subjects reporting heavy or strenuous work went down (from 19% to 5%). Furthermore, no work was reported by relatively fewer people (19% (44a228)) in 1987 ± 88 than in 1993 ± 94 (32% (39a122)). In addition, both the proportion of unemployed lean and unemployed obese subjects was higher in 1993 ± 94 than in 1987 ± 88 (obese 32% vs 47%; lean 8% vs 23%). Hence, bias by over-reporting of physical activity probably does not explain the present ®ndings.
Finally, it cannot be excluded that the present ®ndings may, in part, be population speci®c since tendencies to under-report seem to vary with study population. 11 ± 13 Conclusion From the present study, we suggest that fat andaor carbohydrate-speci®c under-reporting may be responsible for the apparent trend of decrease in fat intake in the Danish, and possibly other populations, provided that these populations display similar reporting patterns to the Danes. The results also suggest that this pattern of a higher macro-nutrient speci®c bias in 1993 ± 94 than in 1987 ± 88 may be a direct consequence of increased awareness of diet intake, related to intensi®ed public health campaigns and of®cial recommendations directed towards reducing intake of foods high in fat andaor sugar, and increased intake of fruit and vegetables to improve not only overweight but also cardiovascular ®tness and cancer risk. These ®ndings may have implications for our understanding of the health bene®ts of the apparent decline in dietary fat, for instance in relation to incidence of cardiovascular disease.
